This paper presents mixed integer programming for a transportation service procurement bid construction problem from a less than full truckload perspective, in which the bidders (carriers) generate their best bid (package) using a bundled price to maximize their utility and increase the chance of winning the business. The models are developed from both the carriers and shippers perspectives to establish a relationship between the quoted price and the likelihood of winning to assist the carriers in balancing the potential benefits and the possibility of winning the bid. An intelligent algorithm based on Particle Swarm Optimization is then designed to solve the proposed model and hypothetical data sets are used to test the effectiveness and efficiency of the proposed model and algorithm.
Introduction
Combinatorial auctions (CA), which allow bidders to submit bids on a combination of products or services, can generate greater profits [1, 2] . Therefore, for transportation service procurement, CA has attracted increasing attention because of the synergies available on the transportation pathways [3] [4] [5] [6] [7] as it allows carriers to submit bids to the shipper for the transportation loads they prefer which are grouped into packages or bundles of loads of various products [8, 9] . Generally, there are three CA stages needed for transportation service procurement. First, the auctioneer (on behalf of the buyer) announces the multiple loads available for bidding (henceforth, bid loads) at the auction. Second, the bidders (here, the carriers) submit bids for sets of bid loads (or bundles), rather than bidding on each bid load individually. Third, the auctioneer determines the best set of bundles that collectively contain each bid load exactly once and awards contracts for these bundles (rather than awarding individual bid loads) to the corresponding bidders [10] . These three stages are known as a Shipper Lane Selection Problem (SLSP) [11, 12] , bid generation problem (BGP) [7] , and a Winner Determination Problem (WDP) [13, 14] , in which the BGP is the main focus in this paper.
BGP is a complex challenge for bidders as it is necessary to evaluate an exponential number of potential bundles that represent all possible subsets of the auctioned loads [8] . For example, if there are loads posted, each carrier can theoretically submit up to 2 −1 different combinations to the auctioneer; therefore, this is highlighted as a NP-hard problem [15, 16] . Most studies researched BGP from truckload perspective, while in fact if permitted, less than truckload procurement could bring more benefits for both shipper and carriers. Carriers could make full use of not only their existing network (as concerned from truckload perspective) but also their capacities, which means the empty load rate and the loading rate could be optimized simultaneously. However, to date, there has been little research that has specifically focused on this type of bid generation problem.
Apart from the lanes combinations, the bidding price is another issue that must be considered by the carriers for higher price may bring more benefits but also increase the chance of losing business [8, 17] . Hence, the likelihood of winning business is taken into account in this paper. This 2 Mathematical Problems in Engineering paper considers bundled lane selections with the prices set from the carrier's perspective for this transportation service procurement. The shipper has some new transportation loads that need to be serviced and the carrier has their own transportation networks and the ability to undertake additional loads. The problem focus is how to give the carrier the ability to choose loads on different lanes to maximize their utility revenue minus costs. It is obvious that while higher prices could generate higher revenue, this could also lead to the business failure and that while lower prices could increase the likelihood of winning business, this could lead to a loss of potential profits. Therefore, this paper seeks to establish stochastic mixed integer programming to allow for the proper bundle of loads to be chosen based on price, which could improve the likelihood that carriers can earn their maximum utility. Although the model is proposed based on previous research [1, 8, 18] , the highlights can be summarized as follows:
(i) It considers less than truckload freight transportation service procurement and depicts the variable costs based on the truck's true load.
(ii) It considers that the likelihood of winning the business has been rarely examined in previous research [8, 17] ; in this paper, we describe the likelihood using a function related to the service price of the bundled lanes.
(iii) It considers the bundle price to be a decision variable rather than a parameter equal to the sum of the prices on each lane [1] .
(iv) It considers the space-time network [18] , which is more difficult than common transportation networks.
The remainder of this paper is organized as follows: Section 2 gives a scientific literature review. Section 3 describes the problem under study. Section 4 establishes the stochastic mixed integer programming to allow for the proper load bundle and prices to be chosen to give carriers a higher likelihood of earning maximum utility. Section 5 proposes the solution approach to solve the proposed model and Section 6 uses hypothetical data sets to test the proposed model and algorithm. Section 7 summarizes the main findings and suggests extensions to this research.
Literature Review
There are some researches studying BGP from different point of views. Crainic and Gendreau [19] claimed that carriers need to analyze the complex available market information and combine it with their own fleet and personnel management to determine the most profitable bid strategies. To do this, "advisors" are needed to assist the carriers in making their decisions by efficiently combining market information, planning, and the operating procedures to evaluate the best load selection [20, 21] . Caplice and Sheffi [22] proposed an approach that allowed both the shipper and carriers to benefit using a collaborative approach to secure and manage their strategic relationship and argued that it was better to allow carriers to identify packages based on their own individual perspectives and networks as the shippers' specified package results were often less successful for the available carrier transportation. For example, if there are loads posted, each carrier can theoretically submit up to 2 − 1 different combinations to the auctioneer; therefore, this is highlighted as a NP-hard problem [15, 16] . However, to date, there has been little research that has specifically focused on this type of bid generation problem.
Some research into studying the BGP has established optimal models. Song and Regan [23] presented a CA for a truckload transportation procurement problem, which was the first carrier model to use an optimization-based approximation to determine the useful packages on the lanes that a carrier could bid for in the context of CA for truckload transportation procurement. Song and Regan [23] then modified the procedures to incorporate substitutable bids by creating an appropriate set cover model and bid augmentation method. In simulations to validate the model, it was found that carriers that employed the optimization model benefitted more than carriers that followed a simple bid selection strategy. Wang and Xia [24] clarified the bidder's optimality criterion in a combinatorial bid and then studied a bundling method in which an OR bid language was used. Li et al. [25] studied the BGP for each carrier in CA and assumed that these carriers form an alliance which aims at maximizing the total profit so as to generate more profit for each carrier.
There has also been research considering transportation procurement auctions from the truckload carrier's perspective. Lee et al. [18] developed a utility maximization decision problem in which the carriers determined the best packages to bid for in a combinatorial auction and presented a column generation approach to solve the underlying nonlinear quadratic integer program. Chang [1] developed a bidding advisor to assist truckload (TL) carriers in overcoming the challenges in the one-shot combinatorial auctions. The bidding advisor integrated the load information in the e-marketplace with the carriers current fleet management plans and then chose the most suitable load bundles. The TL carriers bid generation and evaluation in the one-shot combinatorial auction were formulated as a synergistic minimum cost flow problem by estimating the average synergy values between the loads and using the proposed approximation and column generation approach to solve the specific network flow problem. Chen et al. [10] presented an approach to combinatorial auctions for truckload procurement that enabled the complete set of all possible bids to be implicitly considered without placing the corresponding burden of an exponential number of bids on either the bidders or the auctioneer and provided extensive computational results to demonstrate the tractability of the proposed approach. Ueasangkomsate and Lohatepanont [26] introduced a bidding strategy for carriers facing a hard valuation problem on all possible routes. A bid-to-cost ratio example was given for carriers surveyed in Thailand to demonstrate the bidding behavior for combinatorial freight procurement, which required the carriers to value the bid price for their desired packages that included transportation service patterns under different competitive environments. Triki et al. [8] dealt with the generation of load bundles to be submitted by carriers participating in combinatorial auctions for long-haul full truckload transportation services and developed a probabilistic optimization model that integrated the bid generation and pricing problems together with the carriers fleet routing. Two heuristic procedures are proposed to solve models with up to 400 auctioned loads. Kuyzu et al. [17] formulated a stochastic bid price optimization model aimed at maximizing the carriers expected profit which accounted for lane synergies and competing carriers bid patterns. An iterative coordinate search algorithm was then developed to find high quality solutions. Triki [7] developed an optimization approach based on the use of the location techniques by maximizing the synergy among the bundle's auctioned loads from one side and between the auctioned and the preexisting loads from the other side.
However, there has been little research focused on less than full truckload freight transportation. Mesa-Arango and Ukkusuri [27] provided some insights into the competitiveness and challenges associated with the development of consolidated bids (suitable for less than truckload operations). Consolidated bids were constructed using a multicommodity one-to-one pickup and delivery vehicle routing problem that was solved using a branch-and-price algorithm. A numerical experiment was presented to prove that the nonconsolidated bids were dominated by the consolidated bids, which implied that this type of operation can increase the carriers likelihood of winning the auctioned lanes, while increasing the profit margin over the truckload companies (nonconsolidated bids) and maintaining the benefits the shippers gained from such combinatorial auctions.
Besides these studies, there have been numerous attempts to determine algorithms to solve this type of NP-hard problem [28] . Caplice [29] proposed some heuristic algorithms to assist carriers in generating open loop tours, closed loop tours, inbound/outbound reload packages, and short haul packages using expected savings based on historical load volumes. Tian et al. [30] formulated this problem as a linear integer programming model and proposed an iterative rounding heuristic algorithm that worked on a linearrelaxation of the integer programming model to solve it for moderate size instances. Ignatius et al. [14] proposed a multiobjective winner determination combinatorial auction mechanism for transportation carriers working on multiple transport lanes to allow for lane bundling as packet bids to the shippers ocean freight and allow the carriers to maximize their network of resources and pass on some of the cost savings to the shipper.
It can be found from above literature review that although BGP has drawn many attentions in transportation field, few researches concern the likelihood of winning business by considering the shipper's reaction from less than truckload perspective. This paper tries to enrich this problem based on the former research.
Problem Statement
The synergy between new lanes and carrier's current network could be used in increasing the carrier's profits with a little cost increasement, as seen in Figures 1-3 . Figure 1 gives a single period/single vehicle example; it can be found that adding some new lanes could increase the carrier's profits by making full use of the vehicle and reduce the empty load rate. Figure 2 gives a single period/multivehicle example; it can be found that vehicle 2 could be idle if adding new land B → D to current network. Figures 3(a) and 3(b) give two multiperiod/multivehicle examples, which show the synergy between new lanes and current network. Hence, under their current transportation capabilities, carriers usually prefer to bid on profitable lanes [1] . However, as there are often multiple choices because different sets of different lanes generate different profits, the carriers have to select, bundle, and competitively price the profitable lanes to win the auctions (or business), which is known as a bid generation problem (BGP) or a bid construction problem (BCP). Therefore, there are three basic problems for the carriers: (1) how to choose the most profitable lanes from the potential choices; (2) how to determine the best service price to win the business; and (3) how to increase the likelihood of winning the business.
There are more candidate choices when solving BGP from a less than truckload perspective; however, this makes the problem more complex, as seen in Figure 4 . Comparing with Figure 3 (b), two more new transportation tasks are considered by the carrier, that is, A → B in period 1 and C → B in period 2, which are profitable for carrier because there exists a transportation task on them in current network but the trucks are not fully loaded. Obviously, the more candidate choices the carrier has, the more difficult the BGP is.
Different from previous BGP for less than truckload procurement, the problem considered in this paper has its own characteristics.
(1) The transportation task is considered to be multiperiod, which is more difficult to solve than a single period transportation problem. When making plans, the carriers need to assign vehicles to the booked loads, move empty vehicles to other locations to pick up the booked or auctioned loads in the next period, or hold the loads at the same locations until they are needed in a subsequent period. Therefore, it is difficult to develop the transportation plan without considering the time variable.
(2) The reactions of the shipper (or other competitors) are considered when determining the service price to ensure the basic (or certain) likelihood of winning the business. Obviously, even though the carriers desire to gain the highest price possible and to gain the greatest benefit, they need to also consider the shippers (or main competitors) decisions as these can affect the business results. In other words, as an auction price that is too high may lead to the failure, it is essential for the carriers to consider the actions of the shipper or competitors when quoting their prices. Therefore, it is necessary to determine the appropriate lane sets and the associated prices ensure satisfactory profits and a certain possibility of winning.
(3) The bundle prices are treated as decision variables rather than calculating the sum of the prices for each lane. Figure 1 illustrates the problem studied in this paper. Carriers need to consider how to make full use of the existing transportation network when they quote the lane bundles and associated prices. For example, they need to choose lanes that are included in the existing network or lanes that have empty moves or lanes that could link with the lanes in the existing network.
Modeling
In this section, the mathematical model for the above bid generation problem that includes all possible reactions from the shipper is described and built.
Assumptions and Notations.
In this problem, each carrier has its own existing transportation network and has sufficient capacity to handle the bid [17] . The objective for the carrier is to maximize expected profit by providing transportation services on some lanes under consideration of their existing network and the shippers possible actions. In another words, the carrier seeks a reasonable price for the services provision they prefer to ensure maximum profits with a certain likelihood of acceptance by the shipper. Therefore, there are the following assumptions.
(1) The carrier is permitted to submit a single optimal package to the shipper and the shipper can buy the required services from the carrier or deal with them by itself.
(2) The carrier has sufficient capacity to handle all the lanes that it bids for.
(3) The carrier is familiar with the shipper but the information is not complete or accurate. 
in which ( ( )) is the carriers probability of serving lanes . Therefore, ( ( )) is related to the shipper's decision (or reaction) based on the price placed by the carrier (i.e., ( )). From the carrier's view, winning the business has two essential conditions: the cost of collaborating with it could be no higher than (1) the cost of the shipper handling with all new volumes by itself, whose probability is defined as ( ), and (2) the cost of collaborating with other carriers, whose probability is defined as ( ( ) ≤ ( )). Hence, the likelihood of winning the business with quoted price ( ) is defined as ( ( )) and ( ( )) = ( ) ⋅ ( ( ) ≤ ( )). The detailed description of ( ) is given in (23) . ( ) is the incremental cost and is calculated as
in which ( ( ) ( ) , ( ) ( ) ) are the unit variable costs on arc ( , ), which are related to the unit cost with full load (i.e., ( ) ( ) ) and the true transport volume of truck (i.e., ( ) ( ) ). In fact, ( ( ) ( ) , ( ) ( ) ) is fluctuant when the truck takes different volumes, which we do not extend in this paper for there were many studies that have discussed it. 0 0 are the fixed costs of running the trucks, which is related to the unit variable cost and the true load on truck .
Constraints (3) impose an acceptable minimum likelihood of serving bundled lanes at price ( ).
where could be predetermined by the carrier and reflects its risk preference style. Constraints (4) force the planned vehicles to be available according to the given location information .
Constraints (5) ensure the flow balance at each node,
Constraints (6) give the relationship between and ,
If ( ) ( ) = 1, then ( ) ( ) could be 0 or larger than 0; while if ( ) ( ) = 0, then ( ) ( ) have to be 0. In order to keep the constraints linear, we use the following constraints:
in which is a larger enough number. Constraints (8) force the existing loads to be satisfied,
Constraints (9) give the upper limit of the quoted price for lanes considering the general markup rate adopted by the market, which means that the shipper cannot accept a price that deviates too much from the normal market price.
Therefore, the general decision-making model for the carrier is as follows: 
in which 1 is the cost of the shipper handling with all services itself and 2 is the cost of accepting the services provided by the carrier at price ( ). Hence
in which ( ( ) ( ) , ( ) ( ) ) are the unit variable costs on arc ( , ) which are related to the unit variable costs with full load, that is, ( ) ( ) and the true load of the truck, that is, ( ) ( ) . 1 1 are the shippers fixed costs for establishing its own transportation networks.
Therefore, 1 can be optimized using the following model:
in which constraint (14) ensures that the flow balance and constraint (15) ensures that all loads have to be serviced. 2 is the sum of the costs of accepting the services provided by the carrier at price ( ) and the fixed costs and total variable costs of the shipper establishing its own transportation networks, which can be calculated using the following model:
in which ( ( ) ( ) , ( ) ( ) ) are the unit variable costs on arc ( , ) which are related to the unit variable costs with full load, that is, ( ) ( ) and the true load of the truck, that is, ( ) ( ) . Constraints (18)∼(19) are similar to constraints (14)∼ (15) except that is defined in a different set.
In order to win the business, the quoted price should make the total cost 2 lower than the cost of the shipper handling with all services itself, that is, 1 . For the shipper accurate private data cannot be acquired by the carrier, so there may be a gap between the shipper's true cost and the estimated total cost calculated by the model. Therefore, we give a tolerance interval to describe the chance.
Then ( ) can be defined as
in which 1 and 2 are parameters, 1 ≥ 1, 2 ≥ 1, and 1 ̸ = 2 . If the shipper is entirely rational, then 1 = 2 = 1, which indicates that the shipper takes cost as the only criterion when deciding whether or not to purchase the transportation services from the carrier; so (21) now degenerates as
Therefore, 1 and 2 describe the tolerances for the decision uncertainties of the shipper. If the outsourcing cost 1 is a little higher than that of running the transportation network by itself 2 , then the shipper prefers to purchase the services to ensure more professional service quality; that is, ( ) = 1; if 1 1 < 2 ≤ 2 1 , this indicates that when 2 lies in the interval [ 1 1 , 2 1 ], the shipper may purchase the transportation services but it is not certain; if 2 is too high, that is, when 2 1 is larger, the shipper does not cooperate with the carrier. As 2 increases, the willingness of the shipper to purchase transportation services from the carrier reduces, and the shipper prefers to establish its own network instead of cooperating with the carrier. From above description, it can be found that ( ) is defined without considering the competitions from other carriers; hence to win the business should meet the following two constraints at the same time: (1) the quoted price cannot exceed that quoted by the competitors; that is, ( ) ≤ ( ); and (2) the total cost to cooperate with the carrier should not exceed the cost of the shipper establishing its own network. The former condition depicts the competition with the other carriers and the latter condition depicts the competition with the shipper. Therefore, the likelihood of winning the business ( ( )) could be defined as
Solution Approach
In this section, the procedure to determine the carriers optimal bid strategy is introduced to solve the above mathematical model. Seemingly, the problem is about submitting which lanes at what price to the shipper; however, it is actually more complex. The quoted price for chosen lanes is related to the lanes incremental costs, which can be determined by developing an optimal transportation plan, which has been proven to be NP-hard. Further, different lane sets influence the incremental costs. Suppose there are lanes that need to be serviced, so then there are 2 − 1 possible lane bundles that may be considered by the carrier; therefore, the 2 − 1 transportation optimization problem needs to be solved to determine the best solution. Therefore, this problem is much more complicated than transportation planning with determined tasks. Because of this complexity, the Particle Swarm Optimization (PSO) is chosen to solve the proposed problem. PSO, an evolutionary algorithm, was first proposed by Kennedy and Eberhart [31] , and has become one of the most useful and efficient techniques. Compared to other evolutionary algorithms based on population, PSO presents a superior dominance when dealing with difficult optimization problems and has shown good results in static, noisy, and continuously changing environments with little influence on the continuity of the objective function Song and Gu [32] . As a result, it has been widely applied in many transportation planning and optimization fields, Masdari et al. [33] ; Akhand et al. [34] ; Afkar and Babazadeh [35] ; Xu et al. [36] ; Yan et al. [37] . Because it has been proven to be effective in solving NP-hard problems, it was adopted in this paper to handle the proposed model. The velocity and position are updated according to
where is the iteration index, V ( ) is the velocity of the th particle at the th dimension in the th iteration, ( ) is the inertia weight in the th iteration, and are the personal best and global best position acceleration constants, 1 and 2 are uniform random numbers in the interval [0, 1], ( ) and ( ) are personal best position ( ) and the global best position ( ) of the th particle at the th dimension in the th iteration, and ( ) is the position of the th particle at the th dimension in the th iteration (Algorithm 1).
Computational Study

Test and Analysis Using Small Scale Instance.
In this section, hypothetical data sets are used to test the proposed model and algorithm as real data from combinatorial auctions are generally not publicly available [1, 38] . In this case, the shipper has no vehicles and the carrier has some transportation tasks on certain lanes, as seen in Figure 5 , which involves 12 regions and 6 periods. The vehicles are homogeneous and have a maximum capacity load of 60 tonnes. The distances between any two regions are listed in Table 1 , which were randomly generated so are not on a main diagonal symmetry (similar with practical cases). Suppose that the carrier has arranged the current tasks to be optimal; that is, at least 7 vehicles are being used on the transportation network, and extra fixed costs will be incurred if new vehicles are needed. The proposed algorithm is adopted by using MATLAB 7.5 on an Intel Core 2, 2.99 GHz Input: Booked and auctioned loads, i.e. 0 and 1 ;
Loaded and empty movement costs, i.e., ; Current transportation network. Output: Generated bids with prices;
Expected benefits for carrier. (1) Calculate current transportation network total costs; (2) Generate particles, with each particle including one lane bundle randomly chosen from the auctioned loads; (3) for for each particle do (4) Determine the optimal transportation plan under consideration of the constraints in the proposed model; (5) Calculate the cost of the new transportation plan; (6) Calculate the incremetal costs of the transportation tasks on the chosen lane bundles ( ); (7) Generate the price for the chosen lane set based on the incremental costs ( ); (8) Compare the auction price by carrier 2 and the shipper's costs 1 for personally handling the services; (9) Calculate the possibility that the carrier wins the bid ( ); (10) Calculate the expected benefit from lane bundle with price ( ) and take this as the fitness value for this particle; (11) Set this particle as personal best particle ; (12) end for (13) Determine the particle with the maximum benefit and set as the global best particle ; (14) for = 1 to do (15) Update the particle velocities and positions using Eq. (24); (16) Repeat (3) to (10); (17) for for each particle do (18) if if the current fitness value is larger than that of the personal best particle , then; then (19) Set current particle as personal best particle ; (20) end if (21) end for (22) Determine the particle with the maximum benefit and compare the fitness value with that of the global best particle ; (23) if The fitness value larger than that of global best particle ; then (24) Set this particle as global best particle ; (25) end if (26) end for (27) Output the global best particle, including lane bundle and price ( ) and the expected benefit. Algorithm 1: Solution approach to proposed model. clock pulse with 3.0 GB memory. Figure 6 shows the carriers transportation plan for their existing tasks and the total current cost of 1294770. The fuzzy variable ( ) are defined as the [0.7 * , , 1.3 * ], where is the total transportation cost of lanes set , calculated using the industrial unit cost. The unit variable cost is variational as the true load of the truck, which is 2 when the truck is empty-loaded and 3 when the truck is full-loaded. The fixed cost is set to be 500 per truck on each lane for the carrier and 900 for the shipper. The empty load rate is 50%, which can be optimized by undertaking more tasks on those lanes carrying empty loads.
Consider the shipper's transportation requirements shown in Figure 5 and Table 2 . Figure 5 shows the carriers booked lanes and the shippers auctioned lanes and Table 2 gives details of the different lanes and the loads on each lane. The proposed model and algorithm are now adopted to select the carriers optimum lane set and the expected price, and is set to be 0.9. After running the program 10 times, the optimal bidding strategy is shown in Figure 7 at a price of 733567; the possibility of winning the business is at 0.9931 and an overall benefit of 78596. This indicates that the shipper would be almost certain to accept the business (possibility is 0.9931) as personally completing these tasks would cost much more than the carrier's quoted price. Let us analyze the differences between the carrier's existing transportation plan and that after adding the new transportation tasks, as seen in Table 3 . It can be seen that this bidding strategy would result in the following benefits for the carrier: (1) the average empty loads are reduced from 1.43 to 0.7, a 51% improvement on the existing transportation plan. As empty loads are an unnecessary cost for the carrier, empty load travel reductions would save carrier costs; (2) the average number of loaded lanes in the network rises from 3 to 4, a 33% improvement. As loaded lanes bring additional benefits to the carrier, this improvement would result in greater carrier profits; (3) the average empty load rate reduces from 50% to 33.2%, a 34% improvement. When calculating this data, "empty load lanes" are dealt with "traveling with empty loads" (such as vehicle 3 in period 3 in Figure 8 ) and "awaiting actions" means the "awaiting action in the same region" (such as vehicle 3 in period 2 in Figure 8 ). It can be seen that bidding for these loads ( Figure 7 ) and planning the transportation networks again can significantly reduce the average empty load rate. From the above three findings, it can be concluded that adopting the bidding strategy using the proposed model and algorithm can save the carrier costs, increase benefits, and increase the possibility of winning the business.
Analysis about Parameter
Values. Now the influence of on the carriers' decisions will be analyzed. First, we set a different value for and then calculated the hypothetical case using our proposed model. We then adopted different values for and listed the results in Table 4 . From Table 4 , it can be seen that, as reduces, the profit without likelihood of winning business increases. The optimal bidding strategy was found when was set to 0.7, as, at this value, the carrier can serve more lanes at higher quotes than at a higher value. We analyzed this situation as follows: (1) without the likelihood of winning means that there is no competition; therefore, the carrier can choose to serve more profitable lanes at a higher price and gain greater benefit. If the market lacks competition, this bidding strategy could be the better choice for the carrier; (2) a lower means that the carrier will accept a higher risk of losing the business. At = 0.7, for example, the carrier only requires a possibility that their quoted price is lower than the other carriers and that the cost to the shipper of doing their own transportation is no less than 0.7. Therefore, the computational likelihood of winning the business for the optimal bidding strategy is 0.7282, which is lower than the values in the first two lines in the table and indicates that the optimal bidding strategy has a higher risk of losing the business. (3) Although a lower and a higher quoted price appear to result in greater benefits to the carrier, the expected profit rise is not as significant as the likelihood of winning the business is reduced. Therefore, in this situation, the carrier has to consider whether it is worth taking the higher risk of losing the business by generating the bid with a higher price. From this, it is possible to deduce the quoted price for the optimal bidding strategy without considering the likelihood of winning the business. Obviously, as the carrier wants to quote as high a price as possible if the competition with other carriers and the shipper's reactions are not considered, there is no upper bound for the quoted price. Therefore, if it is assumed that a reasonable profit rate for the carrier is 20%, a reverse derivation of the quoted price for the optimal bidding lanes can be calculated using the proposed model, as shown in Figure 7 . After calculation, the quoted price was found to be 803904, which was higher than the price calculated using the proposed model (733567), and the likelihood of winning the business was found to be 0.5123, which was much lower than that calculated using the proposed model (0.9931). In fact, without considering the activities of the other carriers and the shipper, the carrier's expected profit was 67108, which was lower than that calculated by our model (78054). The above analysis shows that, by adopting the proposed model, the carrier could quote a competitive price for the set lanes and theoretically gain greater profits.
Test and Analysis of Different Scale Instance.
For each scale instance, we ran the program 10 times and calculated the average CPU times, which are listed in Table 5 . According to Table 5 , it can be seen that the proposed approach was able to solve the differently scaled problems in an acceptable time. Using our office computer, the largest scale instance we could deal with had 50 nodes, 30 periods, and 500 auctioned lanes, but larger instances could be tested using cloud computing and a large-scale distributed server, which is the direction of our future research.
Conclusions and Future Research
This paper examined a transportation service procurement BGP from less than full truckload perspective. The major works in this paper were (1) the establishment of mixed integer programming to assist the carrier in constructing optimal bids (bundled lanes) and determine the appropriate price; (2) a consideration of the likelihood of winning business when developing the proposed model; (3) the proposal of an intelligent algorithm based on the PSO to solve the model; and (4) an analysis of the effectiveness of the proposed model and algorithm using hypothetical data sets. Different from previous research, the main contribution of this paper lies in the development of a model and a corresponding algorithm. The model was established from both the carriers and the shippers perspective as transportation service procurement characteristics require the carriers decisions. While higher prices may result in greater profits for the carrier, there is also the risk of losing business, and on the other hand, while lower prices may increase the chance of winning, there may be a loss of potential utility. Therefore, in this model the relationship between the quoted prices and likelihood of winning business is linked. The proposed model was demonstrated from which it was found that it was able to determine the optimal bid (package of lanes) and the bundled price rather than having to sum the prices of each single lane.
To solve the proposed model, an intelligent algorithm based on the PSO was proposed. The model and algorithm were tested using hypothetical data sets and were proven to be more efficient than traditional BGP methods. Therefore, the managerial implication is that advice can be given to carriers about how to generate the most profitable bid from the price. Further, using the proposed approach, the carriers are able to take the shipper's reaction into account and ensure that the likelihood of winning the business is at an acceptable level.
However, in this paper, the uncertainty of the auctioned loads was not considered, a problem that may occur in real life situations. As the auction generally occurs before the transportation activities, the auctioned loads may not be accurate. Therefore, taking uncertainty into account could be an important extension of this paper.
Conflicts of Interest
The authors declare that they have no conflicts of interest. 
